Rhizoma Musae has been used for centuries in Miao medicine practice in China, and it usually uses for treating diabetes and bruises. In this study, lupenone and β-sitosterol in Rhizoma Musae were separated by reversed-phase ultra-performance liquid chromatography (RP-UPLC) and simultaneously detected by a diode array detector (DAD) and an evaporative light scattering detector (ELSD) using methanol and 0.1% aqueous acetic acid (100 : 4, v/v) as a mobile phase in 20 min. The flow rate of 0.1 mL/min was set with isocratic, the temperature of column compartment maintained at 50°C and ultraviolet detection set at 206 nm wavelength. The injection volume was 1.0 µL. The parameter for the ELSD was set to a probe temperature of 45°C, and the nebulizer for nitrogen gas was adjusted to 1.5 L/min. The RP-UPLC method was validated for accuracy, precision, limit of detection and limit of quantification. It applied to the quantification of the active chemical constituents of Rhizoma Musae, and results indicated that both DAD and ELSD were suitable for the determination of lupenone and β-sitosterol, and the DAD has a better sensitivity than the ELSD.
Introduction
Rhizoma Musae is the dried rhizome of Musa basjoo Sieb. et Zucc.
(called "ba-jiao-gen" in Chinese), and it records in the Compendium of Materia Medica (1) . In Miao medicine practice, this herb has been used for centuries for treating heat-clearing and detoxifying, as well as quenching of thirst and as a diuretic (2, 3) . Modern studies reported that Rhizoma Musae has anti-inflammatory, anti-diabetic, antibacteria, anti-α-glucosidase and analgesic properties (4) (5) (6) (7) (8) .
The compositions of the Chinese medicine are complex. Rhizoma Musae contains protein, amino acids, sugars, organic acids, saponins, anthraquinone, flavonoids, coumarin, phenols, cardiac glycosides, volatile oil, steroids, grease, lactone and coumarin (9) . Irenolone, 2′,3,4′-trihydroxy flavone, 3,3′-bis-hydroxyanigorufone, 2,4-dihy droxy-9-(4′-hydroxyphenyl)-phenalen-one and 3,4-hydroxybenzal dehyde have been isolated from the herb (8) . In 2012, lupenone and β-sitosterol ( Figure 1 ) are successfully isolated from Rhizoma Musae by Wang et al. (10) . According to recent reports, the two chemical compositions have many important pharmacological effects. Such as lupenone can stimulate melanogenesis in B 16 murine melanoma cells (11) , inhibit α-glucosidase (α-Glu), protein tyrosine phosphatase 1B (PTP1B) and adipogenic differentiation in vitro (12) (13) (14) . The β-sitosterol has anti-cancer activity (15) (16) (17) . Besides, lupenone and β-sitosterol show a good anti-diabetic activity in vivo (18, 19) .
Lupenone and β-sitosterol are responsible for the anti-diabetic activity of Rhizoma Musae, and the high-performance liquid chromatography (HPLC) method for detecting lupenone and β-sitosterol has been established (19) , but the analysis time is too long and sensitivity of the analysis is not suitable for simultaneous determination of the lupenone and β-sitosterol at low levels. The ultra-performance liquid chromatography (UPLC) is a new liquid chromatography (20) ; it can save mobile phase and improve resolution, speed and sensitivity of analysis. Thus, the aim of the present study was to develop a more efficient and highly sensitive UPLC method with a diode array detector (DAD) and an evaporative light scattering detector (ELSD) for the identification and quantification of lupenone and β-sitosterol in Rhizoma Musae and compared the difference of DAD and ELSD by detecting different harvest times of Rhizoma Musae samples.
Experimental

Chemicals and materials
Lupenone was isolated previously from Rhizoma Musae by chromatographic separation on a silica gel column, and its structure was elucidated by comparison of its spectral data (mp, MS, 1 H NMR)
with reference standards (10) . The purity of lupenone was >98%. β-Sitosterol (≥98%) was purchased from Shanghai Yuanye BioTechnology Co., Ltd (Shanghai, PR China). HPLC-grade methanol was purchased from TEDIA Co. (Fairfield, OH, USA), and the deionized water was purchased from Wahaha Group Co., Ltd (Hangzhou, PR China). All other analytical grade solvents were purchased from Shanghai Shenbo Chemical Co., Ltd (Shanghai, PR China).
The Rhizoma Musae samples were collected from the Xinlang Village, Tianzhu County, Guizhou Province and identified by Dr X.P. Wang, Department of Pharmacognosy Guiyang College of Traditional Chinese Medicine, PR China. All voucher specimens were deposited in the Department of Pharmacognosy, Guiyang College of Traditional Chinese Medicine, PR China.
Instrumentation and chromatographic conditions
The separation of lupenone and β-sitosterol was performed using an Agilent 1290 Infinity UPLC system (Agilent Technologies), coupled with a DAD and an Alltech 3300 ELSD (Deerfield, IL, USA). The column was C-18 column (ZORBAX Eclipse plus C18, Rapid Resolution HD, 1.8 µm) 2.1 × 100 mm. The temperature of the column was maintained at 50°C. The wavelength was set at 206 nm. Data were integrated using the ChemStation software (Agilent Technologies, Inc.). The flow rate was 0.1 mL/min. The mobile phase was 0.1% aqueous acetic acid (100 : 4, v/v), using isocratic elution to obtain optimum resolution. The injection volume was 1.0 µL. The parameter for the ELSD was set to a probe temperature of 45°C and the nebulizer for nitrogen gas was adjusted to 1.5 L/min.
Sample solution preparation
Rhizoma Musae samples were crushed into powder and dried at 50°C to a constant weight. The accurately weighed herbal sample (1.0 g) was placed into a 100-mL glass round-bottom flask, followed by the addition of 50 mL of methanol. Next, the flask was weighed and heated under reflux in a water bath at 64°C for 1.5 h, allowed to cool, and methanol was added to compensate for the loss of the solvent, followed by mixing. The resulting extract was subsequently filtered. Another 50 mL of methanol was added, and the steps above were repeated for a second time. After the extract was filtered, the two filtrates were combined, and all successive filtrates were evaporated to dryness, with the residue dissolved in 10 mL of methanol. Finally, the extract was filtered through a 0.22-µm filter membrane (Tianjin Jinteng Experiment Equipment Co., Ltd, Tianjin, China) for subsequent analysis.
Preparation of standard solutions
Standard stock solutions of lupenone and β-sitosterol were prepared in methanol at concentrations of 403.02 and 448.00 µg/mL, respectively. Methanol was used to dilute the stock solution to the appropriate concentration for the experiment.
Calibration curves, limits of detection and quantification
Methanol stock solutions containing lupenone and β-sitosterol were prepared and diluted to appropriate concentrations for construction of calibration curves. Seven concentrations of the two analyte solution were injected. For the components detected by DAD detection, the calibration curves were subsequently constructed by plotting the peak areas versus the amount (µg/mL) of each analyte, whereas by ELSD detection, calibration curves were plotted logarithmically using the peak area (y = log A) versus concentration (x = log C) for each analyte (21, 22) . The noise and signal are manually measured on the chromatogram printout, the limit of detection (LOD) and limit of quantification (LOQ) for each analyte calculated with corresponding standard solution on the basis of a signal-to-noise ratio (S/N) of approximately 3 and 10, respectively.
Precision, repeatability, accuracy and stability
Intra-and interday variations were selected to determine the precision of the method. For the intraday variability test, a sample solution was injected six times within 1 day and a sample was examined for 3 consecutive days for the interday variability test; the relative standard deviations (RSDs) were calculated. The repeatability was confirmed with six parallel samples in preparation and analysis. The recovery test was used to evaluate the accuracy of this method. Accurate quantities of lupenone and β-sitosterol were added to ∼1.0 g of Rhizoma Musae, extracted and then analyzed. The average percent recovery and RSD were calculated with the following formulas: recovery (%) = (quantity found − original quantity)/quantity spiked × 100%, and RSD (%) = (SD/mean) × 100%. Stability was tested and analyzed at 0, 2, 4, 8 and 12 h with the same sample solution.
Sample analysis
The 12 Rhizoma Musae sample solutions from different harvest times were prepared according to the procedure described above. About 1 µL of each sample was injected into the UPLC, and the content of lupenone and β-sitosterol was calculated using the corresponding calibration curves.
Results
Optimization of UPLC with DAD and ELSD conditions
The full-band UV scanning results showed that an absorbance of 206 nm was appropriate for the detection of both lupenone and β-sitosterol and the baseline was steady.
A comparison of the different proportions of mobile phase constituents (methanol, acetonitrile, water, 0.1% aqueous acetic acid and 0.1% aqueous phosphoric acid) found that methanol and 0.1% aqueous acetic acid (100 : 4, v/v) were performed to achieve complete separation. The baseline was not stable at low wavelength when using dual pumps, perhaps because of incomplete mixing resulting in fluctuations of solvent composition and temperature. Solvent premixing used a single pump ensured a steady baseline. The temperature of column and flow rate were evaluated at different column temperature from 25 to 50°C and the flow rate from 0.1 to 0.3 mL/min. The desired separation of lupenone and β-sitosterol was obtained by using methanol :0.1% aqueous acetic acid (100 : 4, v/v) as the mobile phase, with fractions measured at 206 nm wavelength, a column temperature of 50°C and a flow rate of 0.1 mL/min (Figure 2) . The operating conditions for ELSD such as the drift tube temperature and the flow rate of nebulization gas were also investigated, and the maximum S/N values for the two compounds were obtained by using a drift tube temperature of 45°C and a flow rate of 1.5 L/min. The chromatograms for the blank, mixed standards and samples are shown in Figure 3 . Table I summarizes that all calibration curves have good linearity (r > 0.9990), limits of quantification of the two compounds vary from 0.47 to 2.84 µg/mL and limits of detection range from 0.03 to 0.29 µg/mL; the precision, repeatability, accuracy and stability for lupenone and β-sitosterol are summarized in Tables II and III . Results suggested that the current method can be used to quantify the contents of lupenone and β-sitosterol in Rhizoma Musae. The RSD of precision was <2.89%, and the recoveries ranged from 98.25 to 103.21%. The two analytes were very stable in methanol solution during the test period. Each compound was clearly resolved within 20 min under the condition.
Method validation
Quantitative determination of lupenone and β-sitosterol in Rhizoma Musae
The Rhizoma Musae samples were characterized from different harvest times, and the contents of lupenone and β-sitosterol varied markedly with each sample (Figure 4) . The content of lupenone and β-sitosterol in Rhizoma Musae was different for different harvest times.
Discussion
Rhizoma Musae is a rich resource of medicinal plants used to treat diabetes. In this study, lupenone and β-sitosterol were selected as index components in Rhizoma Musae, because some literature has shown that the lupenone and β-sitosterol have anti-diabetic activity (18, 19) , so the two components were selected as index components in Rhizoma Musae to control the herb quality. For the simultaneous analysis of lupenone and β-sitosterol in Rhizoma Musae, a fast, reliable and sensitivity UPLC with DAD and ELSD method was developed, the method was validated in specificity, linearity, precision Y is the peak area in DAD chromatograms monitored at 206 nm, X is the compound concentration (µg/mL) injected, and y and x are the logarithmic values of area and concentration injected in ELSD chromatograms.
and accuracy, and DAD and ELSD were available to detect lupenone and β-sitosterol in Rhizoma Musae, but the data in Table I suggested that the DAD was more sensitive than the ELSD detector in quantifying lupenone and β-sitosterol. Comparing with the established HPLC method (19) , the present method had a saved (85%) mobile phase, shorter (50%) analysis time and greatly improved resolution and sensitivity. This method was applicable to determination of a large number of Rhizoma Musae samples, and it can reduce pollution and protect the environment.
Taking the safety and efficacy of medicine into account, it is necessary to ensure the quality of Rhizoma Musae by controlling the active ingredients. The contents of lupenone and β-sitosterol detected by DAD and ELSD were close and the two detectors were applicable to the determination of lupenone and β-sitosterol in Rhizoma Musae.
Conclusion
Lupenone possesses multiple biological activities and has a widespread distribution in many species of plants and herbs. However, the lack of an appropriate detection method to characterize lupenone content has hindered the development of lupenone as a medicinal product. In this study, a novel yet simple analytical UPLC with DAD and ELSD method was developed to characterize lupenone and β-sitosterol content in Rhizoma Musae. The method can be used as reference standards for the detection of lupenone in other herbs. And, the detection results of lupenone and β-sitosterol in Rhizoma Musae by DAD and ELSD were compared and found that both methods are suitable for the analysis of lupenone and sitosterol and that DAD has a better sensitivity than ELSD. 
